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END PIECE FOR A CHROMATOGRAPHIC 
COLUMN 

REFERENCE TO RELATED APPLICATIONS 

This application is a 371 of PCT/EP98/01052 ?led Feb. 
25, 1998. 

The invention relates to an endpiece for chromatography 
columns, in particular for columns for HPLC. 

In the outlet part of chromatography columns, the column 
endpiece, the cross-sectional area through Which ?oW takes 
place decreases by several orders of magnitude. This is 
accompanied by a corresponding change in the How speed of 
the column eluate, With additional radial ?oW components 
being created. This entails the problem that chromatography 
bands separated in the column bed are not eluted separately 
since mixing effects are created by in?uences at the column 
outlet. Because of the better separation effects Which can be 
obtained With high performance liquid chromatography 
(HPLC), the problem is particularly pronounced in HPLC. 
In preparative HPLC, Where column diameters of more than 
?ve centimeters are usual, this problem is further exacer 
bated since the connection lines are particularly small com 
pared With the column diameters. 
KnoWn solutions to the problem are presented in standard 

Works for HPLC, for example in “Handbuch der HPLC” 
[Handbook of HPLC] (ed. K K Unger, 1994, GIT-Verlag). It 
is customary, for example, to arrange a cylindrical cavity, in 
Which the eluate can ?oW radially to the column outlet, 
under a bed support frit. Depending on the position of a 
volume element in terms of the cross section of the column 
(i.e. the distance of this element from the column axis), this 
liquid element Will take a different length of time When 
?oWing through the column endpiece. These differences lead 
to the aforementioned broadening of the eluate bands, and 
therefore to the deterioration in the separation performance. 
This deterioration in the separation performance is inter 
preted by prevalent opinion as being due to the void volume. 
It is therefore proposed, as a remedy, to use a Zero void 
volume endplate, as can for example be seen from the 
picture on page 62 of the said handbook. This endplate 
contains radial indentations in the central region, Which do 
not extend over the entire cross section. The required 
transverse ?oW must therefore take place essentially through 
the dispenser frit; the latter has the form of a planar cylinder. 
In this embodiment, the described problem of differing 
propagation times of the volume elements is therefore 
unresolved. FIG. 4 of EP 0 106 746 schematically represents 
a column endpiece Which has a funnel-shaped outlet. Vari 
ous chromatography columns are schematically represented 
on page 105 of J. Chromatogr. Library (Elsevier (1975) 
volume 3; Liquid Column Chromatography). In this case, 
there are also column endpieces With a curved pro?le. 
HoWever, the problem of How conditions at the transition 
betWeen the column and the outlet tube is not discussed in 
these publications. During the hydrodynamic model calcu 
lations Which have been described in more detail beloW, 
another phenomenon contributing to the band broadening 
became clear: during these calculations, it Was found that the 
pressure pro?le is not planar, so that a differing pressure 
increase occurs in the column endpiece as a function of 
distance from the column axis. This distorted pressure 
pro?le has repercussions on the How in the column packing. 

SUMMARY OF THE INVENTION 

The object of the invention is to improve the con?guration 
of endpieces of chromatography columns so that the mixing 
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2 
of boundary regions and concomitant band broadening When 
the eluate ?oWs through the column outlet are reduced, With 
the further intention, in particular, of avoiding the repercus 
sions of a distorted, that is to say non-planar, pressure pro?le 
on the How situation on the column packing. 

The object is achieved by providing column endpieces 
Whose cross section is con?gured in such a Way that sepa 
ration surfaces betWeen eluted bands pass in parallel through 
the column outlet, Without becoming excessively distorted. 
To that end, a column endpiece for a chromatography 
column is provided Which has a cross section that is derived 
from a cone, the side surface more preferably having a 
curved contour instead of a straight one. The curved contour 
is obtained on the basis of hydrodynamic analysis, the 
equation system resulting in a parabola equation, that is to 
say a concavely curved contour, or in the equation of an 
exponential function, that is to say a convexly curved 
contour, depending on the chosen boundary conditions. It 
Was found that hybrid shapes With sigmoid curvature, Which 
changes over from a concave part into a convex part, are also 
advantageous. In order to avoid the said repercussions of the 
distorted pressure pro?le, pressure decoupling is provided 
according to the invention betWeen the sorbent bed of the 
chromatography column and its outlet part. To that end, the 
discharge frit (2) is con?gured in such a Way that the 
pressure drop per unit length in the frit is at least tWice as 
great as in the sorbent packing. Measures Which make it 
possible to increase the pressure drop in a frit are knoWn to 
the person skilled in the art. They include, for example, 
reducing the porosity of the frit. Although, according to 
prevalent opinion, the How resistance in a terminal frit 
should be kept as small as possible, so that the pressure drop 
is not increased unnecessarily, the present invention teaches 
that this pressure drop in the terminal frit should be 
increased, so that the separation performance of the chro 
matography column is increased. 
When use is made of a terminal frit Which causes strong 

pressure decoupling, a boundary layer is kept substantially 
undistorted even With a conical contour. In order to obtain 
suf?cient pressure decoupling, the pressure drop per unit 
length in the frit is at least tWice as great as in the sorbent 
packing. 

The invention relates to a column endpiece for a chro 
matography column, through Which eluent ?oWs, compris 
ing a base part (FIGS. 1b, 1c and 3; 1, 1a, 1b), a discharge 
tube, Whose inner pro?le is denoted by (4) and a frit (2), the 
base part having an essentially funnel-shaped contour, and, 
When the eluent is ?oWing through, the said frit producing 
a pressure drop per unit length that is at least tWice as great 
as the pressure drop per unit length Which is created in the 
sorbent packing When the eluent is ?oWing through. In 
preferred embodiments, the base part has a curved region 
(FIGS 1b, 1c and 3; 1, 1a, 1b). This curvature may be 
concave, convex or sigmoidal. 

The invention also relates to the use of an endpiece 
according to the present invention in a chromatography 
column. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents a longitudinal section through a column 
endpiece With different variants of terminal pro?les (1): 
Sub-FIG. 1a represents a longitudinal section through a 
column endpiece according to the prior art, Which has a 
terminal pro?le With rectangular pro?le. FIG. 1b shoWs an 
outlet pro?le according to the invention With paraboloid, 
that is to say concavely curved, contour. Sub-FIG. 1c shoWs 
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an outlet pro?le according to the invention With exponen 
tially curved, that is to say convexly curved, contour. Beside 
the inner contours of the terminal pro?les, the terminal frit 
(2) of the sorbent bed, the inner pro?le (3) of the column and 
the inner pro?le (4) of the outlet tube are also represented. 

FIG. 2 represents longitudinal sections through column 
endpieces Whose terminal pro?les have, according to pre 
ferred embodiments, a curved pro?le. The variables needed 
for deriving the curvature parameters are also marked. The 
column endpiece represented in sub-FIG. 2a has a parabo 
loid contour of the terminal pro?le. FIG. 2b represents a 
longitudinal section through another embodiment of a col 
umn endpiece according to the invention, Whose terminal 
pro?le has an exponentially curved contour. Beside the inner 
contours of the terminal pro?les, the terminal frit (2) of the 
sorbent bed, the inner pro?le (3) of the column and the inner 
pro?le (4) of the outlet tube are also represented. 

FIG. 3 represents a longitudinal section through a column 
endpiece Whose terminal pro?le has a sigmoidally curved 
contour: In the part next to the sorbent bed, the curvature is 
?rstly concave (1a); the curvature then changes into a 
convex shape (1b). 

FIG. 4 illustrates concentration changes as occur When a 
boundary layer passes through a column endpiece. The 
concentration/maximum concentration (C/CO) ratio is plot 
ted against the eluted volume/volume of the column end 
piece (V/VO) ratio. FloW through an endpiece With rectan 

gular terminal pro?le according to the prior art (symbol :) 
is compared With various embodiments of curved terminal 
pro?les according to the invention: 

<>z paraboloid terminal pro?le 
V: exponentially curved terminal pro?le 
0: sigmoidally curved terminal pro?le 
A: conical terminal pro?le 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the calculation, the volume of the respective endpiece 
Was set at an equal value in each case. 

The How processes in the outlet part of a chromatography 
column, as knoWn in the prior art, can be described With the 
aid of FIG. 1a. TWo volume elements A (O) and B (I) are 
represented, as Well as their path during the elution. Volume 
element A is close to the longitudinal axis of the chroma 
tography column, While volume element B is initially at the 
periphery of the column and does not approach the longi 
tudinal axis of the outlet part in the outlet region until later 
in the course of the ?oW. It can be seen immediately that the 
tWo volume elements have to travel different distances. 
Radially adjacent volume elements, Which are at the same 
axial position When ?oWing into the outlet part, Will have 
different axial positions after having ?oWed through the 
outlet part. The effect of this is that volume element B enters 
the outlet region With a delay, oWing to Which the concen 
tration transition Which originally existed becomes broad 
ened. 

This problem is resolved according to the invention in that 
the outlet part is con?gured in such a Way that parallel planar 
separation surfaces of the liquid column remain planar and 
parallel even When they ?oW through the outlet part. On the 
basis of this, it has been found that the band broadening can 
be reduced if, in longitudinal section, the base part has a 
curved contour (see FIG. lb or FIG. 1c) instead of the 
rectilinear/rectangular contour (see FIG. 1a). According to 
the chosen boundary conditions, a concave (see FIG. lb) or 
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4 
convex (see FIG. 1c) curvature of the base part results in this 
case. A sigmoidally curved contour in Which the curvature 
changes from a concave part to a convex part Was likeWise 

found to be advantageous. The various boundary conditions 
Will be respectively presented beloW. 

A preferred concave curved shape, Which folloWs a para 
bolic equation, is disclosed in the sections beloW. By virtue 
of the shaping of the base part according to the invention, 
substances Which have been separated along the column are 
eluted as uniformly as possible When they leave the column, 
and additional band broadening is substantially avoided. As 
can already be clearly seen, a rectangular pro?le is unsuit 
able for this. 

The complete terminal pro?le is obtained by rotating the 
curve or, if the curve used is not symmetrical With respect to 
the y axis, a branch of a curve, about the longitudinal axis 
of the column. This curve, or this branch of a curve, 
represents the contour of the terminal pro?le. As is knoWn, 
a parabolic equation has the folloWing form: 

Parabolas Which describe a symmetrical curve shape, that 
is to say the constants an With odd indices, are equal to Zero, 
are preferred. In particular, the symmetrical second-order 
parabola With the equation y=aO+a2x2 is preferred. 

If a modelling approach is used for further optimiZed 
con?guration of the base part, then the time lines on tWo 
given cross sections of the out?oW should be kept planar and 
parallel. Other assumptions and boundary conditions Which, 
together With the continuity equation, make it possible to 
determine an optimum contour curve of the outlet region are 
compiled in the folloWing section. The designations used are 
reproduced in FIG. 2a and the other relationships can also be 
found from this ?gure. In FIG. 2a: (5) denotes the velocity 
vectors U, (in the r direction), UZ (in the Z direction) and the 
resultant U; (6) denotes the height h of the outlet part; the 
surface (7) denotes the cross section through the control 
areas A1, A2 and A3, A1 extending in the r direction, A2 in 
the Z direction and A3 along the contour of the outlet part. 

Vertical velocity UZ constant, that is to say a planar ?oW 
pro?le should remain planar. 

Line sink on the axis. The theoretical representation has 
no discharge hole per se. The ideal pro?le and velocity 
?eld for a line sink on the axis is presented. If the curve 
is “?at” enough (that is to say the height is much less 
than the radius), this is an acceptable simpli?cation. 

For given Z=const., 

u, d, 

that is to say the liquid ?oWs tangentially to the curve. 

Largest radius rO at Z=0. 
The curve equation Z=f(r) is then looked for and this is 

obtained by applying the continuity equation to the control 
volume: 
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Control area A1 

Control area A2 

Control area A3 

[fa-mp0 
A 3 

Since A3 extends along the Wall. 

Substitution in the continuity equation gives: 

The desired curve thus folloWs a parabolic equation. The 
constant is determined as folloWs: 

This inconsistency of the model is unimportant for prac 
tical embodiments, since the discharge hole lies at the site of 
the inconsistency. On the other hand, the said boundary 
conditions and assumptions simplify the mathematical 
model considerably. 

Substituting into the parabolic equation gives h=crO2, 

To determine the height h, the folloWing conditions may 
for example be used: 

discharge radius re=3.5 mm (inner diameter of the dis 
charge tube), 

largest radius r0=50 mm (inner radius of the separating 
column), 

maximum velocity |G|=Umbe that is to say the velocity of 
the liquids in the pipeline at the exit of the column. The 
ratio of the How velocities in the column tube UZ(rO) 
and in the pipeline Umbe is obtained in knoWn fashion 
from the respective cross sections: 
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The triangle of velocity gives 

Which leads to 

rg UZ 
h: 

For the values above, hz1.75 mm is found. For the 
numerical model calculation, h=3 mm Was set. The folloW 
ing curve equation resulted: 

In this formula, Z and r are to be given in mm. 
A different, that is to say convex, curve shape Which 

folloWs the equation of an exponential function is described 
in the next sections. Using this embodiment according to the 
invention of the base part, as Well, substances separated 
along the column are eluted as uniformly as possible on 
leaving the column and additional band broadening is essen 
tially avoided. As Will already have become clear, a rectan 
gular pro?le is unsuitable for this. The explanations beloW 
refer to FIG. 2b, in Which: (5) denotes the velocity vectors 
U, (in the r direction), UZ (in the Z direction) and the 
resultant U; (8) marks the position of the coordinate 2. 
The boundary conditions for deriving this curve shape are 

as folloWs: In order to obtain a contour according to the 
invention, it is required that the axial velocity component uZ 
of the velocity ?eld 

is not a function of the radial coordinate r. It is fundamen 
tally required that the mass of a liquid particle remains 
constant. 

One velocity ?eld Which satis?es both requirements is: 

The How lines of the liquid particles are logarithmic 
curves here. A liquid particle Which at time Zero Was at the 
position Z=0 and r=R folloWs the path 

r(z) : R * expg) 

This results in a preferred contour of the base part, Which 
folloWs an exponential curve, 
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R being the column radius. 
Since, in any cross section of the base part, all the liquid 

particles have the same axial velocity component, the front 
of the chromatography band Will remain planar and the 
break-through curve has the pro?le represented in FIG. 4. 

Another variant of an endpiece according to the invention 
is represented in FIG. 3: In the upper part, next to the sorbent 
bed, the curvature is concavely, for example parabolically 
(1a), curved. The curvature then changes into a convex, for 
example exponential, curve pro?le 1b. 
By Way of example, the contours for the various embodi 

ments of the invention can be represented by the folloWing 
equations: 
a) parabolic, that is to say concave, contour: 

b) exponential, that is to say convex, contour: c) 

T — 1,—6 for 0 s 1,—6 s l/Z 

respectively 

d) Conical contour: 

In the equations above, Z is the coordinate along the axis 
of the column endpiece in the direction of the eluent ?oW, 
and r is the coordinate in the radial direction. The variable 
a denotes the inner diameter of the column, and h denotes the 
height of the column endpiece (Z direction). The funnel radii 
in proportion to a, i.e. R(Z)/a, result from the formulae given 
above. 
As can be seen from the derivations of the curved funnel 

contours, the said function equations for these funnel con 
tours result from the chosen boundary conditions. Since 
function equations can, for example, be approximately rep 
resented by series expansion, such as the Taylor series, it is 
obvious to the person skilled in the art that also approximate 
functions such as these often make it possible to achieve the 
object of the invention. 

In order to avoid the said repercussions of the distorted 
pressure pro?le, pressure decoupling is provided according 
to the invention betWeen the sorbent bed of the chromatog 
raphy column and its outlet part. To that end, the discharge 
frit (2) is con?gured in such a Way that the pressure drop per 
unit length in the frit is at least tWice as great as in the 
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8 
sorbent packing. Measures Which make it possible to 
increase the pressure drop in a frit are knoWn to the person 
skilled in the art. They include, for example, reducing the 
porosity of the frit. Since the various outlet pro?les, as can 
be established according to the teaching of the present 
invention, distort the pressure pro?le in different Ways, in 
some of these embodiments it is possible to keep the 
pressure decoupling provided according to the invention at 
a very loW level. 

If the out?oW behaviour of the con?gurations of the 
terminal pro?le Which are shoWn in FIGS. 1a, 1b and 1c, as 
Well as 3, are represented in a model calculation, then the 
behaviour shoWn in FIG. 4 is obtained. This can, for 
example, be calculated using the ?nite volume program 
FLUENT. First, the discharge shapes are geometrically 
mapped using the modelling program preBFC and repre 
sented as a physical grid. Next, the constants are established 
by substituting the corresponding boundary conditions. At 
the inlet, the axial velocity is set at 600 ml/min. At the outlet, 
the only stipulation is that the liquid ?oWs out there. The 
velocity Which is set up is calculated by FLUENT. The 
constants of the liquid are FLUENT’s standard settings, i.e. 
Water as liquid: 

Density: 1000 kg/m3 
Viscosity: 9.0*10_4 kg/ms. 
In the subsequent evaluation, the pro?le shoWn in FIG. 4 

for the different variants of the terminal pro?le is found for 
the transit of a boundary layer in Which the concentration of 
an analyte changes from 0 to co. The folloWing designations 
are used: 

III rectangular terminal pro?le corresponding to the prior 
art 

<>: paraboloid terminal pro?le 
V: exponentially curved terminal pro?le 
0: sigmoidally curved terminal pro?le 
A: conical terminal pro?le 
In the calculation, the same volume VO Was assumed for 

all the column endpieces; a further assumption is that the 
inner radius of the column is large compared With the inner 
radius of the outlet tube. This condition is satis?ed suf? 
ciently if the inner radius of the column is at least ten times 
greater than the inner radius of the outlet tube; this condition 
is therefore customarily satis?ed for preparative chromatog 
raphy separating systems. 

It is clear that, When using a terminal pro?le according to 
the prior art, the boundary layer is distorted considerably, 
Which results in a considerably reduced separating poWer. In 
the arrangements according to the invention, this effect is 
signi?cantly reduced. 

Further re?nement of the column endpiece (1) according 
to the invention, can be technically achieved in a variety of 
Ways; these variants are obvious to the person skilled in the 
art. For example, it is possible to provide a separate endpiece 
Which is connected to the body (2) of the separating column, 
for example screWed to it. It is also possible to incorporate 
the endpiece in the separating column and thereby form an 
integrated part. Furthermore, the base of the endpiece, With 
its curved terminal pro?le, may be an integral component of 
the endpiece. It is, hoWever, also possible to ?t a corre 
spondingly shaped insert into a column endpiece With rect 
angular terminal pro?le. 
According to the invention, the base part may be empty, 

that is to say it may be Without any ?tments. There may, 
hoWever, also be ?tments, for example sections Which 
support the frit. The base part may also be ?lled With porous 
material. This material may be aggregated, for example 
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sintered or adhesively bonded, to form a shaped article. In 
this case, if for example the porous material is sintered, a frit 
is not necessary. The ?ller material may, however, also 
consist of loose particles. In one embodiment of the 
invention, the base part is ?lled With the same sorbent as is 
contained in the rest of the column; in this embodiment, the 
sorbent material is supported by a frit located in the outlet 
tube. 

Even Without further details, it may be assumed that a 
person skilled in the art can employ the above description in 
its Widest scope. The preferred embodiments and examples 
are therefore to be taken as descriptive disclosure, and not at 
all as a disclosure implying any limitation. 

The entire disclosure of all applications, patents and 
publications referred to above and beloW, as Well as the 
corresponding application DE 197 10 117.8, ?led on Dec. 3, 
1997, are included in this application by reference. 
What is claimed is: 
1. Column endpiece, for a chromatography column, 

through Which eluent ?oWs, comprising a base part, an 
extension piece for a discharge tube and a frit, the base part 
having an essentially funnel-shaped contour, characteriZed 
in that, When the eluent is flowing through, the said frit 
produces a pressure drop per unit length that is at least tWice 
as great as the pressure drop per unit length Which is created 
in the sorbent packing When the eluent is flowing through. 

2. Column endpiece according to claim 1, characteriZed in 
that the contour is concavely curved. 

3. Column endpiece according to claim 1, characteriZed in 
that the contour is convexly curved. 

4. Column endpiece according to claim 1, characteriZed in 
that the contour is curved, and in that the curvature has a 
concave and a convex part. 

5. A chromatographic method comprising ?oWing an 
eluent through a chromatography column employing the 
endpiece of claim 1, such that When the eluent is flowing 
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through, The said frit produces a pressure drop per unit 
length that is at least tWice as great as the pressure drop per 
unit length Which is created in the sorbent packing When the 
eluent is flowing through. 

6. Column endpiece according to claim 1, Wherein in any 
cross-section of the base part all liquid particles have the 
same axial velocity component. 

7. Column endpiece according to claim 1, 
contour is parabolic. 

8. Column endpiece according to claim 1, 
contour is exponential. 

9. Column endpiece according to claim 1, 
contour is sigmoidal. 

10. Column endpiece according to claim 1, Wherein the 
contour is conical. 

11. A separating column comprising: 

Wherein the 

Wherein the 

Wherein the 

a body; and 

the column endpiece according to claim 1, Wherein the 
endpiece is screWably connected to the body. 

12. A separating column comprising: 
the column endpiece according to claim 1, Wherein the 

endpiece is formed integrally With the column. 
13. Column endpiece according to claim 1, Wherein the 

base part contains ?tments. 
14. Column endpiece according to claim 1, Wherein the 

base part contains a porous material. 
15. Column endpiece according to claim 14, Wherein the 

porous material is sintered or adhesively bonded. 
16. Column endpiece according to claim 14, Wherein the 

porous material comprises loose particles. 
17. Column endpiece according to claim 1, Wherein the 

base part contains sorbent material supported by a frit 
located in the outlet tube. 


